The fasc ewlutioru of As dim€r density and Ga dimer density werc nreured by using a millisecold time-resolved rpflectance differtnce (RD) system doring the short-pulse supersanic nozzle beam epitaxy (SSBE) 
The fasc ewlutioru of As dim€r density and Ga dimer density werc nreured by using a millisecold time-resolved rpflectance differtnce (RD) system doring the short-pulse supersanic nozzle beam epitaxy (SSBE) increased to their first maxirnum points (where the reconstructions showed (2xa)p) and then decreased" Vfhen TMGa short pulse was stopped, the RD signals increased to their second maximum intensity values (where the reconstructions also showed (2x4)p1 and then recovered" The RD signal evolutions on these three kinds of As-rieh initial surfaees show quite different beginning points and unlike evolving behaviors with different time constants, these distinguishable RD signal evolutions give us an opportunity to identify ttp As-rich initial surfaces in real time.
The surface reconstruction of the (Zxa)p has been confirmed that there are three As dimers along titOt and one missing dimer in one unitcell. The Qx4)ysurface has been proposed D that there have two As dimers in one unit cell, one is along til0l direction and other one is along tll0l which we called "excess top layer As dimer". It has been observed ttrat the outermost layer of the c4x4) reconstmction consists of three As dimers parallel to [110] .tt V/hen the TMGa short pulse impinged on (2x4)p inirial surface, the bonds of As dimers along ti 10] were broken as the result of the decomposition of TMGa molecules, this As dimer annihilation process made the initial grcat decrease in RD signal at2.6eV.In company with the As dimerannihilation process, Ga dimers along tll0l direction formed on As atoms, this Ga dimer formation made RD signal at 1"9 eV decreased as shown in Fig. 2 . temperature" the decomposition process of TMGa on (Zxa\$ proeeeded too fast" When this Ga dimer formation process finished, the surfacereconstruction evolved into Garich surface and sanrrated until the TMGa short pulse was terminated. From this time point" the surface began to evolve into the Qxalp surface due to that ttre Ga dimers along tll0l were broken by As dimer fonrnation along ti10l" For (2x4)linitial surface, the great increase in RD signal at 2"6 eY at the initial stage can be seen in Fig. 1(b) The c(4x4) initial reconstruction also changed into transient (2x4\p under the impingement of TMGa molecules. The increase in RD signal at2.6 eV from the minus start point in intensity to the first maximum point was due to the desorption of the outmost layer As dimers along t1101 and the As dirner formation along ti l0l of the second As layer atoms, the s'rface evolved into tnansient (2x4)p surface' The period that the As dimer annihilation along tl l0I and the As dimer formation along ti l0l in rhe initial stage of tnansient RD signal was reduced by increasing the TMGa source pressure, that was, the supply rate of TMGa in our experiment The results can be seen in Fig. 3 . After the surface evolved into tnansienJ (2x4)9, Ga dimers formed along tl l0] resulted in the annihilation of the As dimers along tfto], the surface changed into a Ga-rich reconstruction which was identified at the valley of RD signal.
Our RD signals show that the Qx4ly and the c(4x41 As-rich surfaces evolved into (2x4)p surface usualy when they were exposed to the TMGa short pulse, the As dimers along tll0] formed upon other As atoms were annihilated easily by the decomposition of TMGa. The (Zx$ p reconstruction also showed up when the specific environment wils changed by, for example, the TMGa short pulse impinge- The (Zx$p surface wouldbe ttre most active surface when it was exposed to TMGa, because the Ga dimers only formed on (2x4)p reconstmcted surface rather than on
